A potential model of the A-N interaction containing short-range repulsions is constructed to study charge-symmetry-breaking (CSB). Rank-2 nonlocal central potentials and a rank-1 approximation to them (referred to as UPAA) are required to fit low-energy A-P scattering cross sections, the A-separation energy (Bh) from AH, and a dimensionless parameter which partially characterizes the CSB part of the binding-energy difference between AH4 and AHe4. In a scan of these data, a class of potentials with acceptable g2 fits is found. Repulsions are seen to reduce significantly the lower limits of the singlet and triplet CSB strengths required in the entire data scan, from the CSB found earlier without including repulsions. In particular, for the largest value of B A used, 0.25 MeV, qualitative agreement with Downs's SU3 model of CSB is attained, in that the A-P CSB singlet interaction can be repulsive. This conclusion also holds for the UPAA, with an indication that a short-range weakening of A-N attraction. has an effect similar to a A-N repulsion. Effects of isospin mixing in AH are taken into account. The A-N potentials resulting from this analysis are seen to vary in a systematic way. within the statistical spread of available data.
I. INTRODUCTION
In the preceding paper' (henceforth referred to as I), we have sought limitations upon the chargesymmetry-breaking (CSB) component of the A-N interaction as imposed by experiment. Adopting the notation of I, the A-N two-body CSB interaction is written Wc~B=-T,(N) (Xs/2pA") [a+o(A) 
. (I) where 7,(N) is a Pauli isospin operator, As is an over-all interaction strength, a is a spin-independent constant, and p, » is the A-N reduced mass.
S~c ontains the momentum dependence of the potential, and is defined to be positive in the limit of low relative momenta. The singlet and triplet CSB strengths in the A-p state, denoted by e, and e, , are e, =A.~( a -3) and e, =A, s(a+I). Using two-, three-, and four-baryon data, and a rank-1 centralseparable-potential model in which all potentials, including S~, have Yamaguchi shape, ' we found in I a class of potentials which gave good X' fits to all data. One of our results was to find only attractive A-p CSB contributions present, expressed by the inequalities e, &0, e, &0. This disagrees with one of the predictions of the SU, particle-mixing model of Downs, ' that the long-range part of the A-p CSB singlet interaction should produce a repulsion.
The purpose of the present paper is to test the conclusions of I by extending the analysis to a class of potentials with different shapes. In order to study the effect of short-range repulsions in the Jt. -N system, we introduce rank-2 interactions.
As seen in Secs. II and GI, we are thereby able ta produce a change in sign of the S-wave phase shifts both in the A-Ã and the N-N interactions, which is indicative of strong short-range repulsions, and come to better agreement with some of the well-known experimental results for the N-N interaction.
Potentials that have a two-body state which is just bound or just unbound are frequently well approximated in the low-energy regime by rank-1 potentials, in what has come to be known as the unitary pole approximation (UPA). '~' We introduce here a closely related approximation, which we refer to as the UPAA. We have in mind the dual purpose of testing the pole approximation to the rank-2 potentials introduced here and studying the effects of still other types of short-range behavior in few-baryon systems.
In this phenomenological analysis we carry further our study, begun in I, of isospin mixing in AH' and of the possible consequences of a spin assignment, I =1, for the hypernucleus AHe4. The more commonly assumed value, I = 0, is also included. As 
where A,~and A."are the attractive and repulsive interaction strengths [provided both A. "and A."as well as g"(k) and g"(k) are positivej, g"(k) and gz(k) are the corresponding form factors, and (u is the reduced mass of the two particles. From Tabakin, ' the associated t matrix takes the form
In addition to yielding directly the scattering amplitude, the t matrix of E(l. (4) 
The UPA t matrix becomes
The shape of the UPA form factor given in Eqs.
(9}-(11} is dependent upon the value of B as well as the analytic properties of the form factors g"(k) and g"(k). Hence, if one starts out with a rank-2 model of singlet and triplet A-N interactions which employ common form factors, g"(k) and g"(k), their VPA form factors will generally not have the same shape.
From the computational standpoint, it, is a significant simplification to maintain equal shapes for the A-N singlet and triplet interactions when studying AH'. lt is therefore gratifying to see that such a condition can be fulfilled to a good approximation here. The UPAA is a prescription which forces the form factors to be the same if the rank-2 form factors are equal, and is therefore an approximation to the UPA. Such an approximation is employed in conjunction with the rank-2 Jt -N interactions of this paper. The best data fits in the A-N case are obtained by forcing the triplet interaction, which is the weaker, to assume the shape of the UPA for the singlet.
The pole condition for the singlet UPA A-N inter-
This is also the shape of form factor chosen for the n-p potential. To distinguish them from the A-N case, the n-p form factors are expressed as f"(k) and f"(k).
The n-p attractive and repulsive range parameters, p and y, and the n pstren-gths A"and As, are shown in Table II . The singlet parameters are the result of a g' search of p and y over .the exper- This is easily shown in the case where J" is a monotonic function of E, which is true for the rank-2 potentials employed here. Table I shows a comparison, for some typical A-N potentials, between the rank-2 effective-range. parameters and the two associated approximations, the UPA and the UPAA.
For the interactions studied in this paper, the UPAA is in fact slightly better than the UPA very low energies.
The A-N form factors are taken to be of the Yamaguchi' shape:
where the subscript label s is used to identify singlet-interaction quantities. Also, from Eq. (13), where A. , and A. , are the CS singlet and triplet A-N strengths, is treated as an eigenvalue in the solution of the~H' problem using separable (rank-1) potentials. In the same way, the rank-2 potentials can be written as
where the subscript label s denotes singlet. The triplet interaction is expressed in an identical fashion, with the use of the strengths X, and R,g , and R, are given values prior to the self-consistent calculations, and the A-N interaction strengths are determined by the requirements of self-consistency. For CSB potentials, e, and e, are used to denote the strengths corresponding to the CS strengths, A. , and X, . We define CSB fractions~,"and r,"by (25) We shall also employ the ratio r"= r,"/r". The' effects of isospin mixing tend to be more pronounced at BA = 0.05 MleV, and at this energy serve to increase the CSB fractions. Figure 2 is a plot No bound A-N states occur with any of the potentials we obtain. In particular, for the A-p potentials, the maximum well-depth parameter is 0.79, while the best y' fit in our analysis, Pot. 4, has singlet and triplet well-depth parameters of 0.54 and 0.55, respectively.
Finally, there is a systematic variation of A-N potential parameters with the spread of the available data. This is seen in Fig. 2 
